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ABSTRACT CM101, an antiangiogenic polysaccharide
derived from group B streptococcus, was administered by i.v.
injection 1 hr post-spinal-cord crush injury in an effort to
prevent inf lammatory angiogenesis and gliosis (scarring) in a
mouse model. We postulated that gliosis would sterically
prevent the reestablishment of neuronal connectivity; thus,
treatment with CM101 was repeated every other day for five
more infusions for the purpose of facilitating regeneration of
neuronal function. Twenty-five of 26 mice treated with CM101
survived 28 days after surgery, and 24 of 26 recovered walking
ability within 2–12 days. Only 6 of 14 mice in the control
groups survived 24 hr after spinal cord injury, and none
recovered function in paralyzed limbs. MRI analysis of in-
jured untreated and treated animals showed that CM101
reduced the area of damage at the site of spinal cord com-
pression, which was corroborated by histological analysis of
spinal cord sections from treated and control animals. Elec-
trophysiologic measurements on isolated central nervous
system and neurons in culture showed that CM101 protected
axons from Wallerian degeneration; reversed g-aminobu-
tyrate-mediated depolarization occurring in traumatized neu-
rons; and improved recovery of neuronal conductivity of
isolated central nervous system in culture.

Functional recovery from spinal cord injury (SCI) in humans
still constitutes a major clinical challenge. Traumatic insults to
the spinal cord induce both immediate mechanical damage and
subsequent tissue degeneration (1). Tissue damage progresses
in a setting of ischemia, hemorrhage, and edema leading to
neuronal necrosis (2). Additional evidence suggests that both
global and focal ischemic cell loss, in part, may reflect apo-
ptosis in neurons as a late consequence of the injury (1, 3).
Experimental observations in cell culture and animal models
suggest that the mammalian central nervous system (CNS)
neurons may be capable of axonal regrowth and reconnection
of injured processes under some conditions (4). Cheng et al. (5)
devised a method of peripheral nerve grafts for spinal cord
repair in paralyzed rats that created great interest (6). Addi-
tional approaches to achieve axonal regeneration in the adult
CNS include grafts of cultured rat olfactory bulb cells (7),
genetically modified fibroblasts (8), peripheral nerve grafts
and cotreatment with selected growth factors (9), intercostal
nerves and cauda equina anastomoses (10), neurite growth
inhibitor-neutralizing antibody IN-1 (11, 12), and brain-
derived neurotrophic factors (13, 14). There is, however, still
no cure for the catastrophic consequence of SCI in paralyzed
patients. Gendelman and Tardieu (15) have shown that trauma
of the mature CNS leads to hypoxia-induced angiogenesis and
infiltration of activated brain macrophages and neutrophils, all
of which leads to scarring (16, 17). Gliosis, the formation of a
scar in injured CNS, involves hypoxia-driven inflammatory

angiogenesis (18, 19). Gliosis includes proliferation of astro-
cytes and microglia, and inflammatory infiltration of periph-
eral macrophages (15–17). CM101 is an antipathoangiogenic
polysaccharide (20) derived from group B streptococcus
(GBS) (21) that inhibits angiogenesis and subsequent infiltra-
tion of inflammatory cells and thereby formation of granula-
tion tissue, which produces scarring (M. Neeman, R.
Abramowitch, B.D.W., and C.G.H., unpublished data).

In this study we explored the hypothesis that gliosis of the
spinal cord, which depends on hypoxia-induced angiogenesis,
could be inhibited by i.v. administration of CM101, and that
the anticipated reduced gliosis would facilitate neuronal re-
connectivity after injury. We used a direct spinal cord com-
pressionycrush method (22), which resulted in SCI similar to
those observed with other mechanical injury models (23–27)
and demonstrate here, in a randomized study, a dramatic
survival and recovery of walking ability in paralyzed mice after
treatment with CM101. In support of our in vivo observation,
we demonstrate prevention by CM101 of Wallerian degener-
ation of injured axons in cultured spinal cord neurons and that
g-aminobutyrate (GABA)-mediated depolarization occurring
in traumatized spinal cord neurons in culture (28, 29) was
reversed by CM101. Furthermore, we show that CM101 im-
proved recovery of neuronal conductivity in traumatized cul-
tured CNS from mice embryos.

METHODS

CM101 Preparation. CM101 is a bacterial polysaccharide
produced by GBS from several serotypes (H. Sundell, H.-P.
Yan, B.D.W., C. E. Carter, and C.G.H., unpublished work)
with an average molecular mass of 300 kDa by gel filtration
when compared with dextran standards and is composed of
GalNAcyGlcNAcyGalyGlcyMan in an approximate ratio of
1:1:3:1:1 (30). CM101 was produced for clinical trials by
culturing GBS in Todd Hewitt Broth (Becton Dickinson) to
late-logarithmic phase. The culture was autoclaved and the
bacteria were removed by centrifugation and filtration. The
supernatant was concentrated by recovering the retentate
from a 10-K nominal molecular weight limit (NMWL) poly-
sulfone cassette filter (Millipore). CM101 was recovered from
an alcohol precipitate by phenol-water extraction and DEAE-
Sephadex and Sepharose column chromatography. Final pu-
rification was achieved by lentil lectin chromatography (30).
The resultant polysaccharide solution was filter-sterilized,
aliquoted into sterile vials at a concentration of 150 mgyml, and
then lyophilized by an Food and Drug Administration-
approved contractor for clinical use. Samples of CM101 from
this lot were provided for use in this study. CM101 was
dissolved in PBS and administered at 30 or 60 mgykg in 100-ml
doses for i.v. injections of injured mice.
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Experimental Animals. CD-1 mice were obtained from
Charles River Breeding Laboratories and maintained in cages
with free access to water and food in the Animal Care Facility.
All experimental procedures were in accordance with proto-
cols approved by the Vanderbilt University Animal Care
Committee.

SCI. The animals, 8–10 weeks old, were anesthetized with
ketamine (87 mgykg) and xylazine (15 mgykg) (80:20, stock
solution; i.p.) and positioned in a spinal stereotactic apparatus
with fixation at the ears under a stereomicroscope. The skin
above the vertebral column was shaved, decontaminated, and
treated with antiseptic. A 15- to 20-mm skin incision was made
and the vertebral column was exposed. After the spinal
thoracic region was exposed by separation of dorsal muscles to
the sides, the spinous processes of vertebrae T8–T13 were
exposed. A small incision made with microscissors separated
posterior processes of T10 and T11, and the dura mater was
exposed intact. Animals with intact dura then were prepared
for injury by applying additional fixation at the T8 spinal
process, using surgical forceps. Spinal cord in the vertebral
canal between T10 and T11 was compressed gradually to
reduce a segment diameter from 2 mm to 0.1–0.2 mm. This
procedure was performed under 43–303 magnification and
resulted in crush damage to all corticospinal tracts. Each
mouse was operated on once. Either a bilateral mechanical
compression or a lateral compression of the spinal cord to
involve the whole segment, or one side of the segment between
T10 and T11, was performed. Animals from the 2 groups of 15
monoplegic and 25 paraplegic mice were randomly assigned to
control and treatment groups. All inside layers were closed
with surgical sutures. Skin was closed with a tissue glue, and
animals were randomized to control and treatment groups.
Each operated animal was allowed to recover from surgery
with unlimited access to food and water. Care was taken to
minimize disruption of the vertebral column.

Clinical Treatment. Randomized mono- or paraplegic mice
were treated with i.v. infusions of CM101. The first dose of
CM101, either 30 or 60 mgykg, was infused into a tail vein 1 hr
after surgery, and this treatment was repeated five times every
other day.

Open-Field Walking Scoring. We used the open-field walk-
ing scoring system adopted from Cheng et al. (5), which
measures each mouse’s gross locomotor ability during a 3- to
5-min observation period. One animal at a time was allowed
to move freely inside a plastic tray [8 inches 3 11 inches 3 3
inches (1 inch 5 2.54 cm)]. Locomotor activity was videotaped
and animals were scored according to a modified Tarlov scale
(5), which ranged from 0 (flaccid or spastic paralysis) to 5
(normal walking). This scale accurately reflected a pattern of
recovery of locomotor function as follows: 1, no spontaneous
movement but recovery of sensory response; 2, uncoordinated
movement of spontaneous groups of muscles; 3, movement of
two or all three major joints in hind limbs and active support
and uncoordinated gait or short bouts of coordinated gait
(limply walk); 4, coordination of walking function with small
deficit in hind limbs and gait (this score also included walking
on knuckles or the medial surface of the foot or some toe drags
or walking on wide base); and 5, full recovery of normal
walking function. Scores were generated from the paralyzed
limb in monoplegic animals. In paraplegic mice, animal scores
were calculated by averaging scores from each hind limb.

CNS Cultures. Isolated CNS cultures were prepared by the
methods devised by Saunders et al. (31) and Nicholls et al. (32).
Intact brain and spinal cord from 20–21 gestational day mouse
embryos was dissected at 4°C in Eagle’s minimum essential
medium (MEM, GIBCO). The CNS preparations were main-
tained in MEM, pH 7.4, supplemented with 0.2% fetal calf
serum (GIBCO), 7S nerve growth factor (30 ngyml; Sigma),
insulin (10 mgyml), and gentamicin sulfate (0.1 mgyml) at 25°C
in an incubator with 5% CO2y95% air. Medium with or

without CM101 (0.3 mgyml) was changed daily, and cultures
were maintained for up to 16 days.

Neuronal Cell Cultures. Embryonic mouse spinal cords
(gestational day 13–14) were minced and dispersed by tritu-
ration to single cells and small clumps (33, 34). The neurons
were plated 4–20 weeks before experimentation in collagen-
coated dishes in medium composed of 80% (volyvol) MEM,
10% fetal calf serum, and 10% heat-inactivated horse serum,
supplemented with 10 ngyml 7S nerve growth factor and 1
mlyliter Mito Serum Extender (Collaborative Research).
Growth of fast-dividing nonneuronal cells was suppressed by
brief treatment with 5-fluoro-29-deoxyuridine after 1 week.
Continued cultures were maintained in MEM in the above
medium minus the fetal calf serum but supplemented with
5.5 g of glucosey1.5 g of sodium bicarbonate per liter diluted
to 300–325 mOsm with distilled water. After equilibration with
incubator atmosphere containing 10% CO2, the pH of the
culture medium was 7.4. Medium was changed two or three
times a week.

Electrophysiological Measurements on Isolated CNS. Iso-
lated CNSs were placed in culture at room temperature for 5–7
days (31, 32, 35) and subjected to electrophysiological mea-
surements before and after mechanical crush injury. Two
microelectrodes were placed on each side of the crush, one to
record changes in membraneyfield potential induced by pulses
fired by the other electrode (36). Stimulation pulses of 2–8 nA
(250- to 500-ms duration) repeated after 30–45 s were used to
examine translesion conductivity. Measurements of conduc-
tivity illustrating axon-to-axon transmission were performed
on days 1 and 5 with and without CM101 present in the cultures
and with and without trauma. Control CNSs were subjected to
0.5- to 4-nA pulses lasting 100–300 ms, which produced
repetitive firing of field potentials or postsynaptic action
potentials (28, 33, 34, 36).

Electrophysiological Measurements on Isolated Neurons.
Electrophysiological function was studied in cultured spinal
cord neurons by measuring GABA-induced responses in nor-

FIG. 1. Recovery of hind-limb function in the six different study
groups of monoplegic (A) or paraplegic (B) mice randomly assigned
to groups. Scores improved significantly by day 3 in the treated groups
when monoplegic (A) and paraplegic (B) mice were compared with
controls (P , 0.001 Kruskal—Wallis test from day 3 on, in paraplegic
animals).
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mal and traumatized neurons (34–36). A microelectrode was
placed into the cell by overcompensation of the microelectrode
capacitance to induce oscillation of the tip. A bridge circuit in
the Axoclamp-2B amplifier (Axon Instruments) allowed si-
multaneous measurement of membrane potential (Em) and
transmission of polarizing current through the recording mi-
croelectrode for phasic or steady-state changes of potential.
The amplified somatic membrane potential was recorded on a
storage oscilloscope for on-line monitoring and photograph-
ing. Trauma to individual axons was induced by axonal com-
pression for 15–60 s by using the heat-polished patch–clamp
electrode tip. PBS used during all experiments was supple-
mented with 5–7 mM MgCl2 to suppress spontaneous firing of
action potentials (33, 34).

RESULTS

In Vivo Procedures. Our objective was to create a mouse
model of spinal cord trauma that would resemble the clinical
scenario of mechanical SCI (22) and to study the effects of i.v.
administration of CM101, an antipathoangiogenic agent (20)
that inhibits scarring. After an initial small pilot experiment to
refine procedures and demonstrate probable success, 15 ani-
mals underwent a neurosurgical procedure resulting in single
hind-limb paralysis. Whole-segment compression in 25 mice
resulted in loss of function of both hind limbs mimicking severe
spinal cord damage observed in accident victims.

Recovery of Walking Ability. Animals were observed and
recovery from paralysis was recorded on videotape and scored
daily for 21 days and weekly for up to 110 days. Scores were
given by two ‘‘blinded’’ observers using the open-field walking
score test (5). Within the first 24 hr after SCI on day 0 (Fig. 1
A and B, arrowhead), 8 of 14 control animals had died and all
26 treated mice survived. Mice in all study groups were
dragging their hind limb(s) (Fig. 2 A and B, Day 1). By day 5,
2 more controls and 2 of 26 treated animals had died. On day
28, 1 additional control animal died (Table 1). Restoration of
partial walking ability (minimum ‘‘limply walk’’—score 3; Fig.
1 A and B) was observed early and within 48 hr post-SCI in 17
of 26 treated (7 of 10 monoplegic; 10 of 16 paraplegic) mice.
All treated mice had reached a score of at least 3 by day 12 (last
treatment was administered on day 10). Fig. 2 shows still
frames of a representative paraplegic mouse recovering walk-
ing function (Fig. 2B) on days 7 and 14 compared with the
placebo-treated control (Fig. 2 A). Recovery of walking func-
tion was observed in four of four monoplegic mice treated with
CM101 (30 mgykg), and in six of six monoplegic mice treated
with CM101 (60 mgykg). Among the paraplegic mice, seven of
eight mice receiving CM101 (30 mgykg) and seven of eight
mice receiving CM101 (60 mgykg) showed improvement of

walking ability (scores between 3 and 5) (Fig. 1). Survival in the
treatment groups averaged 92.3% versus 28.6% in controls on
day 6 (Table 1). Two mice from each paraplegic group were
sacrificed on day 6 for histology. Of the remaining mice, all
treated and one of the two remaining controls survived
through day 35. Seventeen CM101-treated animals were kept
past 110 days (Table 1) and retained a score of 5, normal
walking, and over this time period regained full control of their
bladders and tails. Wounds healed rapidly and no scars were
found at the site of surgical incision in CM101-treated mice
compared with controls.

Evaluation by MRI. The area of spine damage and the
process of healing including observation for late degenerative
changes were documented by MRI on day 21 after injury. MRI
showed localized lesions in the spinal cord in treated mice
compared with control mice. A large area of damage at the site
of compression involving the surrounding tissue and the spinal
cord is obvious in the control animal (Fig. 3A). CM101
significantly reduced the compression-induced scarring as
shown in the representative treated animal (Fig. 3B).

Histopathologic Examination. The spinal cords from
treated and untreated animals were processed for histopatho-
logical examination to determine the level of gliosis and overall
recovery of tissue structure (Fig. 4). The data corroborated the
MRI analysis and showed a significantly reduced area of gliosis
and fibrosis in treated mice (Fig. 4B) compared with control
(Fig. 4A).

In Vitro Studies. Studies on isolated CNS. All CNSs main-
tained in culture showed viability on day 5–7, during which
time electrophysiological measurements were performed.
Figs. 5 A and B shows representative data from several
observations made with or without CM101 in nontraumatized
spinal cords on days 1 and 5. Likewise, Fig. 5 C–F shows
representative measurements with traumatized neurons in
CNS without (Fig. 5 C and D) and with (Fig. 5 E and F) 0.3
mgyml CM101 in the culture media.

Excitory stimulation in injured isolated CNS produced a
brief depolarizing response (1–8 mV) with sporadic action
potentials on day 1 (Fig. 5C) and day 5 (Fig. 5D) (n 5 8)
compared with control (Fig. 5A) (n 5 4) or control with
CM101 (Fig. 5B) (n 5 4), where a 100- to 300-ms pulse gave
repetitive field and action potentials of a maximum of 60 mV
from 260 to 0 mV. Traumatized CNSs with CM101 (0.3
mgyml) in the media and in the superfusate during the
electrophysiological experiments (Fig. 5E) showed minimal
response on day 1. Recording performed on day 2 showed
improved current transmission through the lesion site (data
not shown). Measurements on day 5 after injury in the
presence of CM101 produced intensive bidirectional change of
the field potential (Fig. 5F). Detailed analysis of the field
action and postsynaptic action potential tracings suggests
neuronal routing of stimuli between the electrodes in control
neurons (Fig. 5B-1) and in traumatized neurons treated with
CM101 (Fig. 5F-1). Lack of action potentials on day 5 in
injured untreated spinal cords suggests lack of axonal connec-
tivity (Fig. 5D-1). The presence of action potentials in CM101-
treated CNS (Fig. 5F-1) provides evidence for axonal recon-

FIG. 2. Sequential video frames demonstrating paralysis and re-
covery in experimental animals. (A) Representative control paraplegic
mouse videotaped on day 1, score 0; on day 7, score 0; and on day 14,
score 0. (B) A representative paraplegic mouse treated with 60 mgykg
CM101 and videotaped on day 1, score 0; on day 7, score 5; and on day
14, score 5.

Table 1. Animal survival after experimental SCI

No. surviving on day

Animals 0 1 2 3 5 6 7 21 35 110

Monoplegic control 5 2 2 2 1 1 1 1 1 0
Mono 1 CM101 (30 mg/kg) 4 4 4 4 4 4 4 4 4 4
Mono 1 CM101 (60 mg/kg) 6 6 6 6 6 6 6 6 6 4
Paraplegic control 9 4 4 4 3 3* 1 1 0 0
Para 1 CM101 (30 mg/kg) 8 8 8 8 7 7* 5 5 5 5
Para 1 CM101 (60 mg/kg) 8 8 7 7 7 7* 5 5 5 4

*Two animals were sacrificed for histological examination.
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nection and regeneration in central neurons of the isolated
traumatized CNS.

Effect of CM101 on GABA-induced depolarization in trau-
matized neuron. Inhibitory neurotransmitter, GABA (10 mM),
applied for 3 sec by pressure ejection from a blunt-tipped
patch–clamp pipette (marked ‘‘X’’ in Fig. 6) produced hyper-
polarization from 260 to 268 mV in normal mouse spinal cord
neurons (n 5 20) (Fig. 7 A–C). Trauma was induced by
compression of axons using the patch–clamp microelectrode.
The response to the induced trauma in untreated neurons was
dramatic. Rapid swelling was followed by axonal autoampu-
tation and cell death in 95% of the cells (Fig. 6 B and C).
However, only a 5% loss of cells occurred with CM101 and no
axonal amputation or Wallerian degeneration in the surviving
95% of neurons was seen (Fig. 6 E and F). GABA then was
applied 5–30 min after injury for 3 sec and produced action
potential from 265 mV to 120 mV followed by depolarization
from 265 to 230 mV 6 10 mV (n 5 10) (Fig. 7D). GABA (10
mM) applied on day 2 after injury in cultured untreated
neurons produced less pronounced but still depolarizing re-
sponses (Fig. 7E). Additional firing of action potentials indic-
ative of cell injury was observed in about 30% of the untreated
neurons. Depolarization (from 267 to 241 mV) was still

present on day 5 after the injury (Fig. 7F). CM101 treatment
produced a time-dependent modification of the GABA-
mediated depolarization in the mechanically injured neurons
(Fig. 7 G and I). GABA (10 mM) applied on day 2 after injury
in CM101-treated neurons produced less-pronounced depo-
larization and less firing of action potentials (compare Fig. 7
H with E), and, by day 5, GABA response returned to near
normal with no depolarizing response and no action potential
in the CM101-treated spinal cord neurons (n 5 10), indicating
partial recovery from trauma.

DISCUSSION

Electrophysiological studies using intracellular microelectrode
recordings from single neurons in culture showed that CM101
has a protective effect on the survival of neurons in culture
subjected to trauma, presumably through a cellular lectin
carbohydrate interaction that will warrant further studies at
the molecular level. The effect on survival, however, is re-
f lected in the recovery in injured neurons of GABA-induced
hyperpolarization, characteristic of the normal neuron, over a
5-day period. Thus, CM101 inhibited axonal amputation and
facilitated reestablishment of neuronal conductivity in vitro.

The isolated CNSs incubated with CM101 after crush show
a restored conductivity by day 5, and it may be assumed that

FIG. 3. MRI of spinal cord from control (A) and CM101-treated
animals (B) is visualized by using a mouse-sized coil 1 inch in diameter,
4.6-T magnetic field at 200 MHz, and 300-mm slices. Images were
obtained 21 days after SCI. Image quality was variable as a result of
a coil size and slice geometry. A large area of damage to the spinal
cord, indicated by bar for size and by arrow for location, is obvious in
the untreated animal, whereas in the treated animal (B), CM101
appears to have minimized the damage resulting in a limited lesional
area indicated by the bar and arrow.

FIG. 4. Representative micrographs illustrating histopathological
staining with hematoxylin and eosin. Sagittal section of the spinal cord
from a paraplegic control (A) and a representative CM101-treated (B)
mouse sacrificed on day 6 after injury after four treatments with 30
mgykg CM101. Amount of hemorrhage, fibrosis, and gliosis formed in
the spinal cord (area between arrows) in the CM101-treated mice is
reduced compared with control. (Bars 5 100 mm.)
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CM101 had diffused through the crushed area to be able to
inhibit the inflammatory angiogenesis and scarring event,
which otherwise would prevent recovery of connectivity. Re-
stored conductivity in isolated CNS would be the equivalent to
recovery of walking in adult animals.

Microelectrode field potential recordings from the isolated
and cultured CNS showed neuronal characteristics of pulse
transmission across the spinal lesions. The neuronal compo-
nent consisted of action potentials and the glial component
consisted of the oscillatory wave of the recorded field poten-
tial. Action potentials were observed in nontraumatic controls
and in CM101-treated injured spinal cords but not in trauma-
tized untreated controls. Our in vitro data indicate that CM101

facilitated the return of neuron-type firing across the lesion,
demonstrating reconnection of axons in the traumatized neu-
rons. The oscillatory low wave potential observed in injured
spinal cords not treated with CM101 may, in fact, be a result
of glial syncytium.

Ramón y Cajal has described the formation of growth cones
and sprouts shortly after the lesions in the spinal cord (37). He
observed that neuronal regeneration was present but aborted
and that axonal elongation did not occur. His quantitative
assessment of regeneration in the transected corticospinal
tract was confirmed and refined by Snell and Schwab (38).

Observations with CM101 as an antiangiogenic (20) and
antineovascularization agent in cancer patients (39, 40) sup-
port that CM101 inhibits hypoxia-induced pathologic angio-
genesis. When present in circulation in vivo, CM101 appears to
act as an antiangiogenic agent by effectively inhibiting inflam-
matory angiogenesis induced by hypoxia in a tumor (20) or
wounded tissue (M. Neeman, personal communication). Sim-
ilarly, the mice in this study treated with CM101 experienced
rapid healing of their wounds from the surgical incisions
without a scar.

We demonstrate by pathologic examination and MRI anal-
ysis that CM101 treatment reduces the extent of expected
gliosis in the spinal cord after spinal cord crushes and that
paraplegic mice treated with CM101 recovered the ability to
walk compared with the few survivors not treated with CM101
who were unable to use their rear limbs.

FIG. 5. Effects of CM101 on isolated CNS from
mouse embryos. Control recording was made by using two
intracellular microelectrodes placed on each side of the
spinal cord lesion on day 1 (A) and day 5 (B) in vitro.
Compression and crush of isolated tissue at the level of
T10 of the spinal cord produced significant reduction of
conduction of electric stimuli on day 1 (C). On day 5 (D),
in the absence of CM101, no electric stimuli were detected
after multiple and increased stimulation. In spinal cord
tissue cultured with CM101 (0.3 mgyml), a slightly longer
latency of transmitted excitation was seen on day 1 (E) and
significant improvement in conductivity was observed on
day 5 (F). B-1, D-1, and F-1 are expansions of the time axis
of day 5 recordings. Action potentials (B-1 and F-1)
suggest neuronal components of pulse transmission that
are absent in untreated CNS (D-1).

FIG. 6. Mechanical injury of the spinal cord neurons cultured in a
monolayer network. (A–C) Control. (D—F) Cultured with CM101 (0.3
mgyml) 48 hr before injury and for the duration of the experiment. The
patch–clamp pipette (X) was used to produce mechanical crush injury
to single neurons. After obtaining control image (A), mild compres-
sion was applied to axons (arrowhead) to produce cell damage. Axon
and soma swelled within 1–3 min (B), and axon autoamputation and
autolysis was observed in 95% of neurons within 5–30 min. Within 1–4
hr, swelling was reduced (C) in the remaining injured untreated
neurons. CM101 treatment (D) prevented cell death (95% survival)
and axonal amputation (two injured neurons shown: arrowhead in E);
however, CM101 did not protect axons from swelling (E), which
occurred within 2–3 min after crush injury and reversed within 6 hr
(F). Z, intracellular microelectrode used to record from a single
neuron. (Bar 5 50 mm.)

FIG. 7. Effects of CM101 on cultured mouse spinal cord neurons
traumatized by axonal mechanical compression and stimulated with
3-s pulses of 10 mM GABA (horizontal lines below readout). CM101
in vitro reversed GABA-mediated depolarizing responses in injured
mammalian central neurons in the culture (G and I). The oscilloscope
traces A, B, and C represent recordings of hyperpolarization from the
control uninjured neurons. The oscilloscope traces D, E, and F
represent recordings of depolarization from the mechanically injured
neurons on days 1, 2, and 5 after trauma, respectively. The oscilloscope
traces G, H, and I represent recordings from the mechanically injured
neurons on days 1, 2, and 5 after trauma, treated with CM101-
supplemented (0.3 mgyml) culture medium. Calibration at the right
refers to respective row(s).
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We postulate that antipathoangiogenic CM101 caused the
observed inhibition of gliosis, which facilitated axonal recon-
nection and subsequent recovery of function. The MRI and
histology data support that CM101 minimized the acute and
chronic inflammation in the CNS leading to recovery of
walking ability in 24 of 26 mice within 2–12 days. Furthermore,
treatment with CM101 after spinal cord crush leading to
paralysis had a dramatic effect on survival since 25 of 26
CM101-treated animals survived the trauma, whereas only 6 of
14 animals in the control group survived for 48 hr; 6 animals
died within 24 hr.

Application of CM101 in acute SCI in humans is suggested
by the apparent mechanism of action and clinical experience
with CM101 in cancer (39, 40). Potential application of CM101
in chronic SCI, however, would require a resection of the scar
that would have formed after the original trauma. Regenera-
tion of function then possibly could be obtained by inhibiting
rescarring with CM101 treatment and promoting neuronal
regrowth with specific growth factors, which may include
insulin-like growth factor I, basic fibroblast growth factor, or
transforming growth factor-bS (9), or brain-derived neurotro-
phic factor NT-3 (14), ciliary neurotrophic factor (13, 14),
transplantation of neural progenitor cells (41), or by treatment
with macrophages (42).

SCI affects a large number of physically active individuals,
with tragic consequences. Our data demonstrated that i.v.
administration of CM101 after injury was capable of producing
both a remarkably rapid regeneration of spinal cord function
in acute SCI, as evidenced by recovery of walking ability within
days of treatment, and a quite significant protection from early
fatalities among the treated animals.
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